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INTRODUCTION
T raumatic optic neuropathy (TON) is a relatively rare but potentially severe complication of head injury. It occurs in about 2.5% of midface fractures and 10% of craniofacial fractures [1] [2] . The initial clinical findings of TON include decrease of visual acuity (VA), presence of relative afferent pupillary defect. TON can be caused by direct or indirect injury. Direct optic injury usually results from optic nerve avulsion or laceration, or from direct fracture of the optic canal. Indirect traumatic optic neuropathy (ITON) is caused by increased intracanalicular pressure after an injury, which usually initiates a cascade of molecular and chemical mediators leading to secondary disorders such as intraneural edema, haematoma, altered microvasculature or cerebrospinal fluid circulation, and interruption of direct axoplasmic transport [3] . The prognosis of direct optic injury is usually quite poor. But indirect injuries, such as edema, hematoma or moderate bony optic nerve compression, may derive benefit from treatment [4] . The management for ITON is still controversial. Endoscopic trans-ethmosphenoid optic canal decompression (ETOCD) was a new treatment for it which raised up this decade by some eye nose and throat doctors. The identification of prognostic signs during the hospital admission of such patients has important implications, as such signs may be used to justify medical or surgical treatment depending on the expected outcome [5] .
Furthermore, patients suffered from ITON may show some benefit from treatment versus observation alone.
In this case series, we set out to investigate a possible correlation between VA prognosis and the presence at baseline of various orbital and ocular signs in patients affected by ITON. [6] . Improvement degree of visual acuity (IDVA) was calculated according to Chen et al's [6] equation: Improvement degree=postoperative logMAR-preoperative logMAR (0.12-preoperative logMAR); 20/15 (logMAR=0.12) is considered to be perfect vision. Surgical Procedure All of the procedures were performed under general anesthesia by a single orbital surgeon (Wu WC). During endoscopic optic nerve decompression, a routine endoscopic sphenoethmoidectomy was performed using the Messerklinger technique with preservation of the middle turbinate. The sphenoid face is opened widely, and the bulge of the optic nerve canal is identified along the lateral wall of the sphenoid sinus, superior to the carotid artery. In some patients, the optic canal may be identified initially in a posterior ethmoid or Onodi cell, which can be identified on preoperative CT scan. Identification and opening of the Onodi cell is important to provide adequate surgical exposure and allow full access to the optic canal. In some children, the sphenoid sinus were not fully developed, in order to locate the optic nerve canal, the navigation system were used during surgeries. After complete sphenoethmoidectomy, the lesser wing of the sphenoidal bone and the medial wall of the optic canal, which spans from the orbital aperture to the cranial cavity, were thinned with a microdrill and removed with a microcurrette. Then, the periorbita of the orbital apex, annulus of Zinn and the optic nerve sheath were incised with a sharp 9 # MVR knife. Finally, the operating field of the optic canal was covered by a piece of sterile gelatin sponge that was immersed in dexamethasone (5 mg 2 /mL) and mouse-derived NGF (30 µg/mL). Postoperative care included administering methylprednisolone (20 mg/kg·d) for 4d, ceftriaxone (2.0 g/d) for 5d and NGF (30 µg/mL·d) for 1mo. To further decrease the pressure of optic canal and decrease the complications, we performed punctuated optic nerve sheath splitting in this study. This procedure is different from the traditional way of slitting the optic nerve sheath. In our procedure, 5 to 6 small intermittently punctuated incision was made to the optic nerve sheath to further release the pressure with little risk of complications. In the meanwhile, the splitting can create extra space for local administration of dexamethasone and mousederived NGF (Figure 1 ). Multiple linear-regression analysis was conducted to identify variables that may independently predict the postoperative VA and IDVA. The results showed that age, time to medical treatment and preoperative VA were independent predictors for postoperative VA. The existence of OCF was also an independent predictor for poor postoperative VA. In contrast, brain injury and orbital fracture did not seem to be independent predictors for VA after surgery. Age and time to medical treatment were independent predictors for IDVA. The existence of OCF was also an independent predictor for lower IDVA. In contrast, preoperative VA, brain injury and orbital fracture did not seem to be independent predictors for IDVA (Tables 3, 4 The thinned medial wall of optic canal was removed by a microcurrette; C: The optic nerve sheath was incised to create 5 to 6 small intermittently punctuation; D: The periorbita of the orbital apex and annulus of Zinn was split with a sharp 9# MVR knife. Motor vehicle is the most common cause of ITON, followed by bicycle accident, falls and assaults [7] [8] . Treatment for ITON remains controversial and no definite conclusion has been reached yet. According to previous studies, the VA improvement rate of high-dose steroid treatment, and high-dose steroid combined with optic canal decompression (OCD) were 4.3%-44%, 60.9%-71.1% [6, [9] [10] . OCD with or without combination of steroid is generally thought to be more effective in visual improvement than steroid treatment only. OCD physically decompresses the nerve within the canal, thereby creating the space for the nerve to swell, limiting the damaging effect of compression and helping the re-establishment of optic nerve function [6] . Endoscopic approach of OCD is gaining its preference for its decreased morbidity, preservation of olfaction, ideal cosmetic results without external scarring, an excellent view of the orbital apex as compared with intracranial approaches [9] . In our study, we find out that older in age, longer time to medical treatment and bad preoperative VA were independent factors for VA prognosis. Older in age and longer time to medical treatment were independent predictors for IDVA. Younger patients always have better potentiality and ability to rehabilitation which leaded to better prognosis. This finding is consistent with previous studies [11] [12] . Early treatment is also thought to be a better prognostic factor. We believe that early treatment can reduce post-traumatic edema, contusion necrosis, and vasospasm, and thus aid functional recovery. It is likely that more axons will recover function if the treatment started early [13] [14] . The baseline VA is also thought to be a strong predictor of prognosis. It is indicated that the residual vision is crucial for VA prognosis and patients with eyesight left may benefit more from the surgical intervention, since no residual vision implies the probable degeneration and apoptosis of ganglionic cells of the retina [15] . However, we found that preoperative visual was a strong predictor of VA prognosis but had no correlation with IDVA. This interesting finding suggests that better baseline vision doesn't mean better improvement in VA after surgery. Patients with better VA before surgery sometimes had less level of VA improvement than those with poor VA before surgery. The correlation between OCF and VA prognosis of ITON has been identified in previous researches [14, [16] [17] . This also seems to be applicable in our study. Existing of OCF was found to be an poor prognostic factor for VA prognosis and IDVA in our study. Patients with OCF had lower IDVA than those without OCF. Apart from indicating the severity of the injury, OCF itself can cause devastating damage to optic nerve by bony fragment injury and/or structural deformation, followed by increased intracanalicular pressure or even intracanalicular hematoma [5] . That's the reason why prompt surgical intervention should be advocated once OCF is identified [18] [19] . The correlation between the existence of orbital fractures and prognosis of ITON is still unclear. Cook et al [20] and Tsai et al [19] thought that the existence of orbital fracture was associated with large external forces, which lead to more severe optic nerve injury. However, Song et al [21] found no correlation between orbital fracture and prognosis of ITON.
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No correlations was detected either between orbital fracture and VA prognosis or between orbital fracture and IDVA in our study. We presume that large external forces caused by orbital fracture do not always conduct to optic nerve. Researches are needed to further prove the correlation among orbital fracture, OCF and optic nerve injury.
No correlation was detected between brain injury and prognosis (VA prognosis and IDVA) as well in our study. The relevant research was limited. We presumed that brain injury did not seem to related with optic nerve injury. In addition, we excluded cases with bilateral ITON and severe brain injury. This may be another reason of this result. Traditional ETOCD still has some limitation. It is believed to be much more difficult performing ETOCD in cases with abnormal anatomical structure, especially those with undeveloped sphenoid and posterior ethmoid sinuses. In our study, 13 patients of 224 (5.8%) had undeveloped sphenoid sinus which make it difficult to identify the optic nerve canal bulge. Traditional way of optic nerve canal splitting would increase the risk of complications like cerebrospinal fluid leakage, ophthalmic artery injury and optic nerve injury. In order to improve the effectiveness and safety of surgery, several modifications of surgical procedure were made in our study: 1) image navigation system was used for these patients whose sphenoid sinuses were not fully developed, to locate the optic nerve canal under image-guided system ( Figure 2) ; 2) punctuated incision was made when split the optic nerve canal. This procedure is different from the traditional way of slitting the optic nerve sheath, which is associated with complications like cerebrospinal fluid leakage, ophthalmic artery injury, and optic nerve injury. In our procedure, 5 to 6 small intermittently punctuated incisions were made to the optic nerve sheath to further release the pressure with little risk of complications. Meanwhile, the splitting can create extra space for local administration of dexamethasone and mouse-derived NGF. The medicine would accumulate in sphenoid sinus for slow releasing and promote optic nerve rehabilitation continually. We also decompress the orbit apex by opening the periorbital of the orbital apex and annulus of Zinn to further decrease intracanal pressure.
Patients suffered from ITON without OCF before ETOCD have better surgical outcome than those with OCF. Older in age, longer time to medical treatment and existence of OCF are independent factors for poor VA prognosis and lower IDVA. Preoperative VA is independent factor for VA prognosis only. No severe complication is encountered. Large-sampled controlled prospective researches are needed to further prove the rationality of ETOCD for patients with ITON and to work out the exact surgical indication. 
